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(54) Aldehyde dehydrogenase 

(57) A new aldehyde dehydrogenase having the 
physico-chemical properties:-molecular weight: 
150,000 ± 6,000 or 230,000 ± 9,000; substrate specif i- 
city:active on aldehyde compounds; cofactors:pyrrolo- 
quinoline quinone and heme c; optimum pH: 7.0-8.5; 
and inhibitors: Co 2+ , Cu 2+ , Fe 2+ , Ni 2+ , Zn 2+ , monoio- 
doacetate and EDTA, is derived from a microorganism 
belonging to the genus Giuconobacter. Said aldehyde 
dehydrogenase can be produced by cultivating a micro- 
organism of the genus Giuconobacter which is capable 
of producing an aldehyde dehydrogenase having the 
above properties, in an aqueous nutrient medium under 
aerobic conditions, disrupting the cells of the microor- 
ganism and isolating and purifying the aldehyde dehy- 
drogenase from the cell-free extract of the disrupted 
cells of the microorganism. 2-Keto-L-gulonic acid (2- 
KGA) can be produced from L-sorbosone by contacting 
L-sorbosone with (i) the aldehyde dehydrogenase in the 
presence of an electron acceptor, (ii) a Giuconobacter 
microorganism capable of producing the aldehyde 
dehydrogenase in an aqueous medium under aerobic 
conditions or (iii) a cell -free extract of said microorgan- 
ism, and in each case isolating the resulting 2-KGA from 
the reaction mixture. 
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KGA . « an inportant intermediate for the production oTvrtamin C L *°*osone utilizing said enzyme. 2- 

S^ytoaxtt^ factor, /l/ca/^nes, fSSSSIS^^' Pse f omonas > Escherichia, Serratia, Bacillus, 
ing the conversion. Furthermore. Wtamu a ^ S ?23 2? ?"f 0 ^ aCterarereportedtobeca P a b'eof effect' 
L-sorbosone found in Gluconobacter rneZogtn^T^ > report that tha -zyme ox^ing 

the development of enzyme activity. Matover et al (Sechno^Xe ' ,1 - i/pfto?™ 6 n ° r an e,ectron acce P tor ** 
bosone dehydrogenase activity in the particulate ^ Sn^f S^^' ' 485 ' 1975 } reportthe P resence °* L-sor- 
mria«VM»FO 3293. They alsoindSte^ ATCC 21812 ««* of Gluconobacter 

nine dinucleotide phosphate (NADP) acts as a coenzyme (NAD) nor nicotinamWe ade- 

1 991) purified and characterized L-sorbosone d^htf r^nas Tfmm ^ J^'™ & aL (Agria Btol Chem - 55 - 665. 
NAD or NADP as a coenzyme aenydrogenase from Gluconobacter melanogenus UV1 0. which requires 

bosone to 2-KGA can be obtained from said oSS^^S^ ♦ k . thS Mon of L ™' 

provided by the present invention oxidizes L-JJESS ^"oTkga n 1 566,1 f ° Und *** the P urified ADH 

dichlorophenolindophenol ( DC.P ) and phenSne methosulfaS^ pm^T 56 " 06 * e ' eCtr0n acce P tors - such « 2.6- 
NADP and oxygen are not suitable as electron 'S^S^S? K femc >f ™de or cytochrome c. but that NAD, 
distinct from the known L-sorbosone dehydrogenase ° H Pr ° V,ded by the present inven «°" is clearly 

S " t0 Pr ° Vide "» — ' ADH which acts on L-sorbosone to 2-KGA and 

a) Molecular weight : 1 50.000 ± 6.000 or 230 000 + 9 onn . , . 

having a molecular weight of about 75.000 ± 3 .000 ) (cons,stin 9 oi or three homologous subunits. each 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone (PQQ ) and heme c 

d) Optimum pH : 7.0 to 8.5 

e, inhibitors : Co- Cu- Fe- Ni- Zn- monoiodoacetate and ethylenediamine tetraacetic acid 

the ADH having the above properties in an aweouStS TJ Gluconobacter, which is capable of producing 
the microorganism and isolating and ^O^^T^J^ 0 COnditions - disru P«"9 the ce..s of 
ganism. Yet another object of the present invLtion is to provide a n T** °* d,Srupted ce,,s of n*roor- 
lizing the ADH of the present invention. wtZJS^^S^TTT , 2 " KGA fr ° m L *°*°s°™ * 

above, in the presence of an electron accentor Zo*l TXT^Z '.I" 9 L - so *°sone with (i) the ADH . as defined 
capable of producing the ADH. as defined above h L Zelus^l to ?" 9enus ^conofeacter which is 

free extract of said microorganism, and in each o the leases T Srr n- 1 "* Mons ' or « a ce "' 

tion mixture. 6 CaSes W and (in) isolating the resulting 2-KGA from the reac- 

1) Enzvme antK/ity 

L-So*osone ♦ Electron acceptor -, 2-KGA * Reduced electa 
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to convert L-sorbosone to 2-KGA using oxygen as a possible electron acceptor. Furthermore, no oxygen consumption 
was detected in the reaction mixture as detected with a dissolved oxygen probe. However, any conventional compound 
which has the ability to act as an electron acceptor can be utilized in conjunction with the enzyme of this invention. DCIP, 
PMS, ferricyanide and cytochrome c are preferred electron acceptors. 

s [0009] The enzyme assay was performed as follows: 

[001 0] The reaction mixture for assaying the ADH activity consisted of 0.1 mM DCIP, 1 .0 mM PMS, 50mM potassium 
phosphate buffer ( pH 8.0 ), 1.0 pM PQQ, 2.0 mM L-sorbosone and enzyme solution in a final volume of 100 \x\ with 
water, which reaction mixture was prepared just before the assay. The reaction was started at 25°C with L-sorbosone, 
and the enzyme activity was measured as the initial reduction rate of DCIP at 600 nm. One unit of the enzyme activity 

10 was defined as the amount of the enzyme catalyzing the reduction of 1 ^ mole DCIP per minute. The extinction coeffi- 
cience of DCIP at pH 8.0 was taken as 15 mM' 1 . A reference cuvette contained all the above constituents except L-sor- 
bosone. 

[001 1 ] The protein concentration was measured with the BCA protein assay reagent ( Pierce Co., Rockford, IL 61 105, 
U.S.A.). 

15 

2) Substrate spQpifiQity 



[001 2] The substrate specificity of the enzyme was determined using the same enzyme assay method as described 
under 1) above, except that various substrate solutions ( 100 mM ) were used instead of L-sorbosone. The relative 
20 activity of the ADH for D-glucosone, D-glucose, D-galactose, D-mannose, L-gulose, D-xylose, D-ribose and D-arab- 
inose was higher than that for L-sorbosone. However, the relative activity for D,L-glyceraldehyde was lower than 1 % of 
that for L-sorbosone. These results are presented in Table 1 : 



Table 1 



Substrate specificity of the purified enzyme 


Substrate 


Relative activity (%) 


L-Sorbosone 


100.0 


D,L-Glyceraldehyde 


<1 


D-Glucosone 


776.2 


D -Glucose 


884.2 


L-Sorbose 


<1 


D-Galactose 


949.1 


D-Mannose 


1003.3 


L-Gulose 


684.5 


D-Sorbitol 


<1 


D-Xylose 


1259.7 j 


D-Ribose 


803.9 


D-Arabinose 


298.9 



3) Optimum pH 

so [001 3] The correlation between the reaction rate of the ADH and pH values of the reaction mixture was determined 
by the same assay method as described under 1) above, except that various pHs and buffers were used. 
[001 4] The enzyme showed relatively high activity at pH 7.0 to 8.5. as shown in Fig. 1 . 



55 



4) Thermostability 

[001 5] The thermostability of the enzyme was tested by incubating it for 5 minutes at various temperatures in 50 mM 
potassium phosphate buffer ( pH 7.0 ). The residual activity was measured by the same enzyme assay method as 
described under 1) above, after which the treated enzyme was immediately cooled down in ice water. The enzyme was 
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rZT 10 ^ ^ ° n,y 8b0Ut 3 ° % ° f the activi * remained after 



the treatment at 80°C. The results are shown in 



Table 2 
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Effect of temperature on the stability of the 
purified enzyme 


Temperature (°C) 


Relative activity (%) 


0 


100.0 


25 


89.2 


35 


98.8 


45 


100.0 


55 


44.2 


60 


63.6 


65 


62.8 


70 


47.9 


75 


48.8 


80 jj^ 


28.7 



100161 ln tab ' e the r6lative activrties ™ -Pressed as percentages of the activity a. 0»C. 
5) Effects of magi innc nnrl j nhihitnr; 

Table 3 
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Effect of inhibitors and metals on the activity 
of the purified enzyme 


Compound 


Relative activity {%) 


None 


100.0 


EDTA 


14.6 


Quinine 


124.4 


KCN 


129.4 


NaN 3 


104.6 


N-Ethylmaleimide 


110.8 


Monoiodoacetate 


52.2 


NaF 


86.7 


CaCI 2 • 2H 2 0 


204.5 


CoCI 2 • 6H 2 0 


76.0 


CuS0 4 


0.0 


Fe 2 (S0 4 ) 3 -xH 2 0 


58.9 


NiSCV6H 2 0 


74.9 
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Table 3 (continued) 



Effect of inhibitors and metals on the activity 


of the purified enzyme 


Compound 


Relative activity (%) 


TiC! 4 


128;0 


ZnCI 2 


40.3 


MgCI 2 


90.3 



[001 8] Each compound was added to the reaction mixture at a concentration of 1 .OmM, except that the concentration 
of EDTA was 5.0 mM. 

[001 9] As shown in Table 3, the enzyme activity was stimulated by about 2-fold in the presence of 1 .0 mM of Ca 2+ , 
15 whereas Co 2+ , Cu 2 * Fe 2+ Ni 2+ and Zn 2+ inhibited the enzyme activity. The addition of 5 mM ethylenediamine tetraace- 
tic acid ( EDTA) strongly inhibited the activity. However, the enzyme activity was slightly increased to 124% and 129% 
by the addition of 1.0 mM quinine and 1.0 mM KCN, respectively. 

6) Molecular weight 

20 

[0020] The molecular weight of the enzyme was measured with a size exclusion gel column (TSK-ge! G3000 SWXL; 
Tosoh Co.. Akasaka 1-7-7, Minato-ku, Tokyo, Japan). The enzyme showed two peaks corresponding to the apparent 
molecular weight of 150,000 ± 6,000 and 230,000 ± 9,000 on the chromatography. On analyzing this enzyme by SDS- 
polyacrylamide gel electrophoresis, it was shown that the enzyme consisted of the homologous subunit of molecular 
25 weight 75.000 ± 3,000 ( Fig. 2). This indicates that the enzyme consists of two or three homologous subunits. 

7) Prosthetic group 

[0021] The purified enzyme did not show the catalyzing activity for converting L-sorbosone to 2-KGA in the basal 
30 reaction mixture without PQQ. However, the activity of the enzyme was restored by the addition of PQQ in the reaction 
mixture or incubating the enzyme with PQQ and Ca 2+ for 5 minutes. 

[0022] The detection of heme c of the purified enzyme was performed by the reduced -minus-oxidized difference spec- 
trum taken by a UV-VIS recording spectrophotometer ( Shimadzu UV-2200; Shimadzu Co., Kuwahara-cho 1, Nishino- 
kyo, Chukyo-ku, Kyoto, Japan). The enzyme was suspended in 50 mM potassium phosphate buffer ( pH 7.0 ) at a 
35 concentration of 50 ng /ml and the enzyme of dithionite-reduced form and ammonium persulfate-oxidized form were 
prepared to measure the difference spectrum. The spectrum gave the difference maxima at 552 and 523 nm, as shown 
in Fig 3. The result strongly suggests that the enzyme has heme c as a prosthetic group. 

8) Effect of substrate concentration 

AO 

[0023] The velocity of the oxidizing reacticn with various concentrations of L-sorbosone, from 1 mM to 8 mM was 
measured to determine the Km value for L-sorbosone. The Michaelis constant was calculated to be 1 7.8 mM from the 
Lineweaver-Burk plot based on the reaction velocity when DCIP was used as the electron acceptor for the reaction. 

45 9) Purification procedure 

[0024] The purification of the enzyme is effected by any combination of known purification methods, such as ion 
exchange chromatography, gel-electrophoresis, salting out and dialysis. 

[0025] The enzyme provided by the present invention can be prepared by cultivating an appropriate microorganism 
so in an aqueous nutrient medium under aerobic conditions, disrupting the cells of the microorganism and isolating and 
purifying the aldehyde dehydrogenase from the cell-free extract of the disrupted cells of the microorganism. 
[0026] The microorganisms used for the present invention are microorganisms belonging to the genus Gluconobacter 
which are capable of producing aldehyde dehydrogenase as defined hereinbefore. Functional equivalents, subcultures, 
mutants and variants of the said microorganism can also be used in the present invention. 
- 55 [0027] A preferred strain is Gluconobacter oxydans. The strain most preferably used in the present invention is Glu- 
conobacter oxydans DSM 4025, which was deposited at the Deutsche Sammlung von Mikroorganismen in Gdttingen 
(Germany), based on the stipulations of the Budapest Treaty, under DSM No. 4025 on March 17, 1987. The depositor 
was The Oriental Scientific Instruments Import and Export Corporation for Institute of Microbiology, Academia Sihica, 
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^^^^^XL^^^ *»»*» was said ,ns«tute. of which the „ 
Pie's Republic of China. X SC ' ences of Ch,na - Haid,an . Zhongguancun, Beijing 100080. Peo- 

SllSiSKfwSa S^S^rT^ 3 ! ^ Nati ° na ' ,nStiWe - S'^ence and 
pest Treaty, under the deposit No. slS^KSSS^^^i 88- ° n the s1ipu,a,ions of th * Bud* 
depositor was the Nippon Roche R^SScS^JlStoSSL^ <S £ ERM BP " 3812) on March 3 ^ 19 *2- ™e 

aerobic conditions. The cultivation liSSS^SSS pT'T? With appr0priate nutrien * «*» 

vanes depending on the pH. temperature JSmSSt mi£m to be ^ ^ 6 ° * *°- The CuHivation P eriod 
ferred temperature range for carrying out the cultivation^ ffrom 1^ ! X . k" pre,erab, y ^ 1 to 5 days. The pre- 
[0031] it is usually required thai the cZSZ? k ° *° ab0Ut 36 ° C ' preferab| y ,rom ^ to 33»C 
Pie glycerol. D-mannS. D-sorbitoI. eSol ^ 

and sucrose. preferab.y D-sorbitol. D-LnntHnd S^tS 'V** D ' fib ° Se ' D " ,ructose ' D "*«» 

stances, for example, peptone, yeast extract baker s vea S T?L= 9 ^ n ' tr ° 9en SOUrces such as or 9anic sub- 
substances may a.so be used as n^Z lT^^TnS^! *" *"* Various 
med.um usually contains inorganic salts for examote m TnlT * ammonium salts. Furthermore, the culture 
[0032J An embodiment Jthe Sa^^ 

bnefly desaibed hereinafter: e ADH ,rom the microorganism after the cultivation is 

(D Cells are harvested from the liquid culture broth by centrifugation or filtration. 

(^harvest* ce,, S are washed with water, physiological sa.ine or a buffer solution having an appropriate P H 

0:^^^ ^ PUrW6d fr0m ^ Ce "- free «*« * ce,.s. preferably from the cytoso, fraction 

for example DC.P. PMS and the like in a £SZZ£ atSfof££ *Z °Jf 9 ? •'" ?" PreS6nCe ° f an electron acceptor, 
temperature are set at about 7.5 to 8.5 ar^aC 25 <>C reSE ^ and the ,ike - m ™ ^ PH and 

[0034] The concentration of L-sorbosone in S'cSS the best resul *- 

Si TL°* 10 50 9/1 " most preferab * *™ to aZ foT 9 UP ° n ° ther reaction conditions but ' in 

membrane, granules or the like of a resin having onTor mor J Zr^aZ f^L . -!T may b * b0und direct * to a 
Sr=o^ 

especial* for the production -^S^SS^ * Pr0dUCt '° n °' Carb °*>" ic acids f ™ 

[0037] The following Example further illustrates the present invention. 

Example 

Preparation nf Ann 

[0038] All the operations were oerformed at «<>r orv< u « 

otherwise stated. Performed at 8 C. and the buffer was 0.05 M potassium phosphate ( P H 7.0 ) unless 

(1) Cultivation of Gluconobacter oxydans DSM No. 4025 (FERM BP-3812) 
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yeast extract, 0.05% glycerol, 0.25% MgS0 4 • 7H 2 O f 1 .75% corn steep liquor, 0.5% urea and 1 .5% CaC0 3 in a 500 ml 
Erienmeyer flask, and cultivated at 30°C with 1 80 rpm for one day on a rotary shaker. 10 ml samples of this culture were 
transferred into 500 ml Erienmeyer flasks containing 100 ml of the same seed culture medium and cultivated. in the 
same manner as described above. The seed culture thus prepared was used for inoculating 1 5 liters of medium, which 

5 contained 8.0% L-sorbose, 0.05% glycerol, 0.25% MgS0 4 • 7H 2 0, 3.0% corn steep liquor, 0.4% yeast extract and 
0.15% antifoam, in 30 I jar fermentor. The fermentation parameters were 800 rpm for the agitation speed and 0.5 wm 
(volume of air / volume of medium / minute ) for aeration at a temperature of 30°C. The pH was maintained at 7.0 with 
sodium hydroxide during the fermentation. After 48 hours of cultivation, 30 liters of the cultivated broth containing the 
cells of Gluconobacter oxydans DSM No. 4025 (FERM BP-3812) by using the two sets of fermentors were harvested 

10 by continuous centrifugation. The pellets containing the cells were recovered and suspended in an appropriate volume 
of saline. After the suspension had been centrifuged at 2,500 rpm ( 1 ,000 x g ), the supernatant containing the slightly 
reddish cells was recovered to remove the insoluble materials derived from corn steep liquor and yeast extract which 
were ingredients in the medium. The supernatant was then centrifuged at 8,000 rpm (10,000 x g) to obtain the cell pel- 
let. As a result, 123 g of the wet weight of cells of Gluconobacter oxydans DSM No. 4025 (FERM BP-3812) were 

75 obtained from 30 liters of broth. 

(2) Preparation of cytosol fraction 

[0040] The cell paste ( 55 g ) was suspended with 100 ml of the buffer and passed through a French pressure cell 
20 press. After centrifugation to remove intact cells, the supernatant was designated as the cell-free extract, and the cell- 
free extract was centrifuged at 100,000 x g for 90 minutes. The resultant supernatant ( 165 ml ) was designated as the 
soluble fraction of Gluconobacter oxydans DSM No. 4025 (FERM BP-3812). After this fraction had been dialyzed 
against the buffer, 126 ml of the dialyzed fraction having the specific activity on L-sorbosone of 2.26 units/mg protein 
were used for the next purification step. 

25 ' 

(3) Diethylaminoethyl (DEAE)-cellulose column chromatography 

[0041] The dialysate (126 ml) was put on a column of DEAE-cellulose (Whatman DE-52, 3 x 50 cm; Whatmann Bio- 
Systems Ltd., Springfield Mill, James Whatman Way, Maidstone, Kent, U.K.) equilibrated with the buffer and washed 
30 with the buff er to elute minor proteins. Then a linear gradient elution with NaCI from 0.3 to 0.8 M in the buffer was carried 
out. Major enzyme activity was eluted at NaCI concentrations ranging from 0.32 to 0.36 M. The active fractions ( 1 16 ml 
) were collected and dialyzed against the buffer. 

(4) DEAE-sepharose column chromatography 

35 

[0042] A 60 ml portion of the dialyzed active fraction from the previous step was introduced into a column of DEAE- 
sepharose CL-6B ( Pharmacia, 1.5 x 50 cm; Amersham Pharmacia Biotech AB, S-75184 Uppsala, Sweden) equili- 
brated with the buffer. After the column had been washed with the buffer containing 0.2 M NaCI, a linear gradient of 
NaCI from 0.2 to 0.6 M was added to the buffer. The active fractions were eluted at NaCI concentrations ranging from 
40 0.44 to 0.47 M. 

(5) Q-seph arose column chromatography 

[0043] A portion ( 1 3.5 ml ) of the pooled active fractions ( 53 ml ) from the previous step was added with appropriate 
45 volume of the buffer to decrease the concentration of NaCI, and introduced into a column of Osepharose (Pharmacia, 
1 .0 by 20 cm ) equilibrated the buffer. After the column had been washed with the buffer containing 0.35 M NaCI, a linear 
gradient of NaCI from 0.35 to 0.5 M was added to the buffer. The activities corresponding to the ADH were eluted at 
NaCI concentrations ranging from 0.39 to 0.40 M. The active fractions ( 30 ml ) collected were ultraf iltrated by an ultra- 
filtrator (Centriprep-10, Amicon; Amicon Inc. Cherry Hill Drive, Beverly, MA 01915, U.S.A.) to concentrate and desalt. 
50 As a result, 700 \x\ of the concentrated active fraction were obtained. 

(6) Native polyacrylamide gel electrophoresis ( Native PAGE ) 

[0044] A 600 iil portion of the. enzyme fraction from the previous step was applied on a native polyacrylamide gel ( 
55 10%, pH 9.4, 10 by 10 cm). The electrophoresis was performed at 30 mA and 4°C for 1.5 hours. The enzyme band cor- 
responding to the active fraction was excised from the gel, and the enzyme was electrically eluted from the gel into the 
Tris glycine buffer (pH 8.3) by using a MAX-YIELD Protein Concentrator (Atto Co., Hongo 1-25-23, Bunkyo-ku, Tokyo, 
Japan) at 10 W and 4°C for 3 hours. The enzyme solution was concentrated 4-fold using an ultramembrane filter (Cen- 
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SuTon waTsS * 5 ° Ph0Sphate ™« < » H 7 ° >' ™en the 

[0045] A summary of the purification steps of the enzyme is given in Table 4. 



enzyme 



Table 4 



Purrfication of the aldehyde dehydrogenase from Gluconobacter oxydans DSM No.4025 fFERM 




BP-3812) 




Step 


Total activity (units) 


Total protein (mg) 


Specific activity 








(units/mg protein) 


Soluble fraction 


5994.2 


2652.3 


2.26 


DEAE-Cellulose DE52 


4206.9 


594.2 


7.08 


DEAE-Sepharose CL-6B 


1640.5 


107.9 


15.29 


Q-Sepharose 


243.3 


11.84 


20.55 


Native PAGE 


193.8 


3.59 


53.98 



(7) Purity of the isolated enzyme 



Sis ^ PUri,ied 6nZymS 3 SP6CifiC ^ rf ^°^P»m9P^(0«mB^)w«u^torlh.fcfc^ 
(8) Identification of the reaction product 

[0( ^lU^t l 630 " 0 " mixtUre containin 9 th e Purified enzyme ( 1.56 mg ). L-sorbosone ( 0 142 mo ) PMSl n nnft mn ^ 
Claims 

1 . An aldehyde dehydrogenase having the following physico-chemical properties : 

ei*SL W X : > 5 ° ,000 Kf 6 .T ° r 23a0 °° ± 9 -°° 0 (c0nsiStin 9 of ° r thre « homologous subunits 
each having a molecular weight of about 75,000 ± 3,000 ) ' 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 

e) Inhibitors : Co**. Cu* Faf, M* monoiodoacetate and ethylenediamine tetraacetic acid. 

2. The aldehyde dehydrogenase according to claim 1 . which is derived from a microorganism belonoina to the aenus 

srr wh,ch ,s capabie ° f producin9 * e said en2yme the phy-oo^^ss^is^ 
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The aldehyde dehydrogenase according to claim 2, wherein the microorganism is Gluconobacteroxydans having 
the identifying characteristics of the strain Gluconobacteroxydans DSM No. 4025 ( FERM BP-3812). 

The aldehyde dehydrogenase according to claim 3, wherein the microorganism corresponds to Gluconobacter 
oxydans DSM NO. 4025 (FERM BP-3812), a functional equivalent, subculture, mutant or variant thereof. 

A process for producing the aldehyde dehydrogenase having the following physico-chemical properties: 

a) Molecular weight : 150,000 ± 6,000 or 230,000 ± 9,000 (consisting of two or three homologous subunits, 
each having a molecular weight of about 75,000 ± 3000 ) 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 

e) Inhibitors : Co 2+ , Cu 2+ , Fe 2+ , Ni 2+ , Zn 2+ , monoiodoacetate and ethylenediamine tetraacetic acid 

which comprises cultivating a microorganism belonging to the genus Gluconobacter, which is capable of producing 
the aldehyde dehydrogenase having the above properties, in an aqueous nutrient medium under aerobic condi- 
tions, disrupting the cells of the microorganism and isolating and purifying the aldehyde dehydrogenase from the 
cellrfree extract of the disrupted cells of the microorganism. 

The process according to claim 5, wherein the microorganism is Gluconobacter oxydans having the identifying 
characteristics of the strain Gluconobacter oxydans DSM No. 4025 (FERM BP-3812). 

The process according to claim 6, wherein the microorganism corresponds to Gluconobacteroxydans DSM No. 
4025 (FERM BP-3812), a functional equivalent, subculture, mutant or variant thereof. 

A process for producing 2-keto-L-guIonic acid from L-sorbosone which comprises contacting L-sorbosone with an 
aldehyde dehydrogenase having the following physico-chemical properties: 

a) Molecular weight : 150,000 ± 6,000 or 230,000 ± 9,000 (consisting of two or three homologous subunits, 
each having a molecular weight of about 75,000 ± 3,000 ) 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 

e) Inhibitors: Co 2+ , Cu 2+ , Fe 2+ , Ni 2+ , 2n 2+ , monoiodoacetate and ethylenediamine tetraacetic acid 

in the presence of an electron acceptor, and isolating the resulting 2-keto-L-gulonic acid from the reaction mixture. 

A process for producing 2-keto-L-gulonic acid from L-sorbosone which comprises contacting L-sbrbosone with a 
microorganism belonging to the genus Gluconobacter which is capable of producing the aldehyde dehydrogenase 
having the following physico-chemical properties: 

a) Molecular weight : 150,000 ± 6,000 or 230,000 ± 9.000 (consisting of two or three homologous subunits, 
each having a molecular weight of about 75,000 ± 3,000 ) 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 
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.) W, M «s : Co*-. Qft Fe 2 *, Ni 2 * a* and , e|raacefc ^ 

SST me * m ^ «•"** « **** •» res-, 2*«o^ OTic aok , hom ffie 

b) Substrate specificity : active on aldehyde compounds 
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Fig. 1 

Effect of pH on the activity of the purified enzyme 
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5 6 7 8 9 10 11 

PH 



— 50mM Potassium phosphate 
° — 50mM Tris-HCl 



a) Data are expressed as a percentage of the activity at pH 8.0 of 
potassium phosphate buffer. 
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Fig. 2 

SDS-PAGE analysis of the purified enzyme 
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CBB staining 
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75.0 ± 3.0 kDa 



lane 1: Molecular weight standards: phospholylase B, 97.4k; bovine 

SZi i lb T m n l , 66 - 2k; OValbumin ' 42.7k; bovine carbon™ 
anhydrase, 31.0k. 

lane 2: The purified enzyme treated with SDS. 
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Fig. 3 
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Reduced minus oxidized difference spectrum of the 
purified enzyme protein. 
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(54) Aldehyde dehydrogenase 

(57) A new aldehyde dehydrogenase having the 
physico-chemical properties:-molecular weight: 
150,000 ± 6,000 or 230,000 ± 9,000; substrate specifi- 
city :active on aldehyde compounds; cof actors :pyrrolo- 
quinoline quinone and heme c; optimum pH: 7.0-8.5; 
and inhibitors: Co 2 *, Cu 2+ , Fe 2+ , Ni 2 \ Zn 2+ , monoio- 
doacetate and EDTA. is derived from a microorganism 
belonging to the genus Gluconobacter. Said aldehyde 
dehydrogenase can be produced by cultivating a micro- 
organism of the genus Gluconobacter which is capable 
of producing an aldehyde dehydrogenase having the 
above properties, in an aqueous nutrient medium under 
aerobic conditions, disrupting the cells of the microor- 
ganism and isolating and purifying the aldehyde dehy- 
drogenase from the cell-free extract of the disrupted 
cells of the microorganism. 2-Keto-L-gulonic acid (2- 
KGA) can be produced from L-sorbosone by contacting 
L-sorbosone with (i) the aldehyde dehydrogenase in the 
presence of an electron acceptor, (ii) a Gluconobacter 
microorganism capable of producing the aldehyde 
dehydrogenase in an aqueous medium under aerobic 
conditions or (iii) a cell-free extract of said microorgan- 
ism, and in each case isolating the resulting 2-KGA from 
the reaction mixture. 
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